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1 : $P(x)\in \mathrm{F}_{q}[x|$ , $P(x)^{q}=P(x^{q})$ .
2 : $x^{q^{k}}-x$ , $k$ monic $\in \mathrm{F}_{q}[x]$ .
DDF , 2 , $k=1,2,$ $\ldots$ $f_{k}(x)$
. .
$k\Leftarrow 1$ ; $W\Leftarrow x$ ;
while $2k\leq\deg(F(x))$ do
$W\Leftarrow W^{q}$ mod $F(x)$ ; ( $*x^{q^{k}}$ mod $F(x)=\lambda_{k}(x)*$ )
$f_{k}(x)\Leftarrow \mathrm{g}\mathrm{c}\mathrm{d}$ ( $F(x)$ , W–.x);
if $f_{k}(x)\neq 1$ then { $F(x)\Leftarrow F(x)/f_{k}(x)$ ; $W\Leftarrow W$ Inod $F(x)$ ; }
$k\Leftarrow k+1$ ;
, , $k$ exhaustive search
101
.$\blacksquare$ ...
, $k=1,2,$ $\ldots$ while
. , , 2 ,
.
(1) $x^{q^{k}}$ mod $F(x)$ , $k$ .
(2) $\hat{f}_{k}\Leftarrow \mathrm{g}\mathrm{c}\mathrm{d}(F(x), x^{q^{k}}-x)$ ,
$\prod_{i|k}f_{i}(x)$
, $f_{k}$ .
(2) , , $\hat{f}_{k}$ $f_{k}$ , . $\hat{f}_{k}$ $\hat{f}_{k}/f_{k}$
, $k$ $j$ , ,
, .
, $k$ $j$ , $\hat{f}k/j$ . ,
$\hat{f}_{12}=f_{1}f_{2}f_{3}f_{4}f_{6}f_{12}$ ,. $k=12$ 3 $\hat{f}_{4}=fif_{2}f_{4}$ , $W\Leftarrow\hat{f}_{12}/\mathrm{g}\mathrm{c}\mathrm{d}(\hat{f}_{12},.\hat{f}_{4})=f_{3}f_{6}fi_{2}$ ,. 2 $\hat{f}_{6}=fif_{2}f_{3}f\epsilon$ , $W/\mathrm{g}\mathrm{c}\mathrm{d}(W,\hat{f}_{6})=fi2$ .
, , $k$ , $k$
, .
, , ,
, – . ,
, .
13.2.2 / DDF
DDF , exhaustive search ,
, . 1992 von zur Gathen&\mbox{\boldmath $\gamma$} Shoup
, , Kaltofen& Shoup ,
, .
(1) , $((k-1)l, kl]$
$l$ ) .
$=$ \lfloor n/(2l .
(2) $F_{k}(x)$ $f_{i}(x),$ $(k-1)l<i\leq kl$ .
coarse DDF, fine DDF [14].
3 : , $=x^{q^{:}}\mathrm{d}\mathrm{e}\mathrm{f}$ mod $F(x)$ . .
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$\lambda_{i}(\lambda_{j})$ mod $F=\lambda_{i+j}$ Zili.as $\lambda_{i^{q}}$ mod $F=\lambda_{i+1}$ .
$\blacksquare$ von zur Gathen &Shoup DDF [9]
.
(GSO) Ai $(x),$ $0\leq i\leq l-1$ \mbox{\boldmath $\lambda$}lk+l $(x),$ $0\leq k\leq m$ .
$G(Y, x) \Leftarrow\prod_{i=0}^{l-1}$ (Ai $(Y)-x$ ) mod $F(Y)$ .
(GSI) $0\leq k\leq m$ $k$ $G( \lambda\iota k+1(x), x)=\prod_{i=0}^{i-1}(J^{\cdot}q^{lk+1+}-x)$ rnod $F(x)$
, $k=0,1,$ $\ldots,$ $m$ $G(\lambda_{lk+1}(x.), x)$ $\mathrm{g}\mathrm{c}\mathrm{d}$ , $F_{k+1}(x)$
. . . . . . . . . , . . . . . . . . . ... . .. . .. ... . . . . .. . . . .. . -.. . .. .. . .. . . . . . . . .. (coarse)
$(\mathrm{G}\mathrm{S}\mathit{2})$ $F_{k+1}arrow$ ) : $0\leq i\leq l-1$ $i$ \mbox{\boldmath $\lambda$}lk+l $(\lambda_{i}(x))$ mod $F_{k+1}(x)$
, $i=0,1,$ $\ldots,$ $l-1$ $\mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{lk+\mathrm{l}}(\lambda_{i}(x))-x, F_{k+1}(x))$ ,
$f_{i}(x)$ . . . . . . .., . . ... .. . . . . . . . , . ... , . .......... . . . . . . . . . ... .. . . .. . . (fine)
$\blacksquare$ Kaltofen &Shoup DDF [14]
, $(\mathrm{G}\mathrm{S}2)$ $\lambda_{lk+1}(\lambda_{i}(x))$ mod $F_{k+1}(x)$
, , .
4 : $i>i\geq 0$ $i$ $i$ , $x^{q^{:}}-x^{q^{j}}=(x^{q^{i-\mathrm{j}}}-x)^{q^{j}}\in \mathrm{F}_{q}[:\iota]$
, ( $i-$ $\in \mathrm{F}_{q}[x]$ .
, 1 .
(KSO) $\lambda_{i}(x),$ $0\leq i\leq l-1$ \mbox{\boldmath $\lambda$}lk(x), $1\leq k\leq m$ .
$I \zeta_{l}(Y, x)\Leftarrow\prod_{i=0}^{l-1}(Y-\lambda_{i}(x))$ mod $F(x)=(-1)^{l}G(x, Y)$ .
$(\mathrm{K}\mathrm{S}1)$ $0\leq k\leq m$ $I \acute{\iota}_{l}(\lambda_{lk}(x), x)=\prod_{i=0}^{l-1}(.\mathrm{t}^{q^{l\mathrm{A}^{\sim}}}-X^{q})|$ mod $F(x)$
, $k=1,\mathit{2},$
$\ldots,$
$7n$ $I\iota’l(\lambda_{(k}(x), x)$ $\mathrm{g}\mathrm{c}\mathrm{d}$ , $F_{k}(x)$
. . . . . . . ... . .. . .... ........ . . . . ..... . . . . . .. .. .. ., . ... . .:... . .-.. (coarse)
$(\mathrm{K}\mathrm{S}\mathit{2})$ $F_{k+1}(x)$ , $i=l-1,$ $l-\mathit{2},$ $\ldots,$ $0$ $\mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{lk}(x)-\lambda_{i}(x), F_{k}(x))$
, $f_{i}(x)$ . . . . . . . . . . . . . . ..... ... . .. ... ...-..... .. . .. . . . . . . ...... (fine)
, $k$ $i$ , , fine
DDF $(\mathrm{G}\mathrm{S}\mathit{2})$ $(\mathrm{K}\mathrm{S}\mathit{2})$ exhaustive search . 1 ,
. , $M(n)$ $n$ , MC( $N$ )
$n$ $N$ modular composition ( ) .
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(1) $\lambda_{0}(x)\Leftarrow x;\lambda_{1}(x)\Leftarrow x^{q}$ mod $F(x)$ ;
for $i=0$ to $\lceil\log_{2}l\rceil-1$ do $\{ \lambda_{k+2}:(x)\Leftarrow\lambda_{2^{i}}(\lambda_{\mathrm{A}}.(x)), 1\leq k\leq \mathfrak{U}1\mathrm{a}\mathrm{x}(\mathit{2}^{i}, l - 2’); \}$
( $*$ $\lambda_{k}(x)$ for $k=\mathit{2};3\sim 4;5\sim 8;9\sim 16$;17\sim 32; ... $*$ )
(2) for $i=0$ to $\lceil\log_{2}m\rceil-1$ do $\{\lambda_{(k+\sim^{i})l},,(x)\Leftarrow\lambda_{2l}.(\lambda_{kl}(.x)), 1\leq k\leq \mathrm{m}\dot{\mathrm{c}}\iota \mathrm{x}(\mathit{2}^{i}, m-2^{i});\}$
( $*$ $\lambda_{kl}(x)$ for $k=\mathit{2};3\sim 4;5\sim 8;9\sim 16;17\sim 32;\ldots$ $*$ )
(3) $\mathrm{A}_{l}’(Y, x)\Leftarrow\prod_{*=0}^{l-1}.(Y-\lambda_{i}(x))$ mod $F(x)$ ;
(4) $\triangle_{k}\Leftarrow K_{l}(\lambda_{k1}(x), x)$ mod $F(x)$ for $1\leq k\leq m$ ;
(5) $k\Leftarrow 1$ ; while $2k\leq\deg F$ do $\{\mathrm{g}\mathrm{c}\mathrm{d}(\triangle_{k}, F)\Rightarrow F_{k}; F\Leftarrow F/F_{k)} k\Leftarrow k+1;\}$
( $*$ coarse DDF: $((k-1)l, kl ]$ $F$ $*$ )
(6) for $1\leq k\leq m$ , do the following ( $*\mathrm{f}\mathrm{i}\mathrm{n}\mathrm{e}$ DDF $*$ )
$i\Leftarrow l-1$ ; $\overline{\lambda}_{kl}\Leftarrow\lambda_{kl}$ mod $F_{k}$ ;
while 2(kl–i) $\leq\deg F_{k}$ do $\{\mathrm{g}\mathrm{c}\mathrm{d}(\overline{\lambda}_{kl}-\lambda_{i}, F_{k})\Rightarrow f_{kl-i}; F_{k}\Leftarrow F_{\mathrm{A}}./f_{\mathrm{A}\cdot l-i;}i\Leftarrow i-1;\}$





$\mathrm{o}$ , $1 \leq k\leq\ldots \text{ }\prod_{i}$ (5) (6) ,
.. (1) $\sim(4)$ , , .. , , (5) (6) , (
) .
$\mathrm{o}$ (5) while , \S 13.2.1 , .
$k$ fine DDF . , (6) for $1\leq k\leq 7’ l$
$k$ , , (5) $F_{k}$
, .
$k>1$ , $\mathit{2}((k-1)l+1)>kl$ , - $F_{k}$ fine DDF ( $i$ )
, .
$\mathrm{o}$ $F_{1}$ fine DDF , .
$(larrow l^{1/2})$ \mbox{\boldmath $\lambda$}, , $l^{1/2}\cross l^{1/2}=l$ , (1)
.
, $F=$ fi , $\mathrm{m}\mathrm{o}\mathrm{d} F$
( , $\lambda_{i}$ , .
).
$\mathrm{o}$ $K_{l}(Y, x)$ , – $l$. 2 (2 )
, binary-tree multiplication , $K_{\sqrt{l}}(Y, x)$
. - , $K_{l/2}(Y, x)$ , , coarse DDF
, 1/2 divide-and-conquer ( $\Leftarrow$ (5) ).. (2) (3) ( ) .. , $K_{l}(Y, x)$ , (1) $i$ $\lambda_{i}$
, , (1) for
$\mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{i}-x, F)\Rightarrow f_{i}$ . ,
(5) $F_{1}$ (6) $F_{1}$ fine DDF
recursion .. ([15] , SparcCellter $\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{r}\mathrm{c}\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}\mathrm{l}0$






$u,$ $v\in R[z]$ ( $R$ $\Gamma_{q}$ $\Gamma_{q}[x]/(F)$ ) , $n$ $\gg 1$ .
, . space , $R$
. [1] [2] [18] .
( ) $u\cross v\in R[z]\ldots\ldots\ldots..,$ $\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots..O(M(r\iota))\leq O(n^{2}.)$. $7l\geq\deg u,$ $\deg v\gg 1$ , DFT(Discrete Fourier Transform) [19].
, $O(M(n))=O$($n\log n$ log log $n$ ) $[5]$ .
$\mathrm{o}$ $(q-1)$ $d$ , $n$ , $d$
.. $d<\deg(uv)$ , $z^{n/(2d)}$ recursion .. , , Kronecker .
$\circ$ $O(n)$ -space .
( ) $w\Leftarrow u$ mod $v=u– Qv$ $\in R[z]$ ( $v$ monic). . . . . . . . . .... . . , .. . . $O(M(rl))$
$\mathrm{o}$ , , $z^{\deg f}f(1/z)\text{ }$ .. $k=\deg Q=\deg u-\deg v$ , $V\Leftarrow\wedge v$ mod $z^{k+1}$ .. $\phi V\equiv 1$ mod $z^{k+1}$ $\phi\in R[z]$ Newton :
$\phi_{1}(z)$ $\Leftarrow$ 1,
$\phi_{i+1}(z)$ $\Leftarrow$ $\phi_{i}(z)(\mathit{2}-V(z)\phi_{i}(z))$ mod $z^{2},$ $i=1,2,$ $\ldots,$ $\lceil\log_{2}k\rceil$
, $\hat{Q}\Leftarrow\wedge u\phi$ mod $z^{k+1}$ .. , $varrow F$ , $\deg u\leq \mathit{2}(\deg F-1)$ , $F$ $\phi$ –
, , mod $F$ $O(M(\deg F))$ .
( GCD) $\mathrm{g}\mathrm{c}\mathrm{d}(u, v)$ . . . . . . . . . . . . . . . .. . ...... . .. .. . . . . . . . . . . .... . . . . $O(M(n)\log n.)$




(1) $\sim(4)$ .. $\mathrm{m}\mathrm{u}\mathrm{l}\mathrm{t}\mathrm{i}\mathrm{p}\mathrm{l}\mathrm{e}$ ( $k$ ) modular composition: $\lambda_{(k+2)s}.\Leftarrow\lambda_{2}:_{s}(\lambda_{ks})$ or $\lambda_{ks}(\lambda_{2}:_{s})$. binary-tree multiplication: $\prod_{i=1}^{2^{L+1}}$ $(Y - \alpha_{i})=(\prod_{i=1}^{2^{L}}(Y-\alpha_{i}))(\prod_{i=1}^{2^{L}}(Y-\alpha_{i+^{\eta L}}.))$ .
$\triangleright$ , $IC_{2l}(Y, x)=I\mathrm{i}_{l}’(Y, x)\mathrm{A}_{l}’(Y, \lambda_{l}(x))$ .. multi-point evaluation: $\triangle_{k}\Leftarrow l\mathrm{i}_{l}’(\lambda_{kl}(x), x)$ mod $F$ for $1\leq k\leq m.,$ $W3$ .
$\triangleright \mathrm{C}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{s}\mathrm{e}$ remaindering (binary-tree multiplication ) .
$\triangleright \mathrm{C}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{s}\mathrm{e}$ remaindering $\phi$ ,
binary-tree , Newton it,eration ( [7]).
. , $M(n)$ $\mathrm{i}1’IM(n)$ , $\mathrm{F}_{q}$ $n$
$\mathrm{F}_{q}$ $n\cross n$ , , $\log$ $\mathrm{P}\mathrm{o}\mathrm{l}\mathrm{y}-\log$
$n^{o(1)}$ .
(modular composition) . , .. . . . . . . ., . . . . .. . . . . . .. .. . . . . . . . . . . . . . .. . . . . . . ... . . [9, FACT 5.1]
$(n-1)$ $P(x),$ $Q(x)\in \mathrm{F}_{q}[x]/(F)$ , $P(Q(x))$ mod $F$ .
(mc-i) Horner $\grave{\backslash }\iota_{\mathrm{I}\mathrm{b}}^{*}$’ : $O(nM(n))$-time, $O(n)$ -space.
(mc-ii) $F(x)=x^{n}$ [3] : $O(n^{1/2}MM(n^{1/2})+n^{1/}’ M\sim(n))- \mathrm{t}\mathrm{i}\mathrm{l}\mathrm{n}\mathrm{e},$ $O(n^{3/2})$ -space.
(mc-iii) ( $(\mathrm{i}\mathrm{i})$ – ): $O(n^{1/2}MM(\sqrt{nk})\log n+n^{3/2}M(t)t^{-1}+M(n)(\log n)^{3})$ -
time, $O(n1o\mathrm{g}n)$ -space. $1^{\underline{\mathrm{B}}}1,$ $t=\lceil\log n/\log q\rceil$ .
(multi-point evaluation) . . . .. ... .. $\mathrm{t}\cdots\ldots\ldots\ldots..\vee\cdots\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots\ldots.\wedge[1],$ $[9]$
$P(Y)\in R[Y]$ , k $P(c\iota_{l}),$ $\alpha\{\in R,$ $0\leq i<k$ . $P(1^{-})\mathrm{u})\mathrm{o}\mathrm{t}\mathrm{l}$
$(Y-\alpha_{i})$ . , $O()$ $R$ .
(me-i) $\deg P\leq k$ : [1] Chinese remaindcring $( \mathrm{r}_{\mathit{1}j,s}\Leftarrow\prod_{i=0}^{2^{s}-1}(Y-\alpha_{\dot{J}+i})$
, $P(Y)$ mod $qj,s$ $s$ divide&\mbox{\boldmath $\gamma$}conquer )
, $O(M(k)\log k)$ .
(me-ii) $\deg P\geq k$ : $d=\deg P$ , $P(Y)$ $Y^{k}$ , (i)
. , $O(( \frac{d}{k}+\log k)M(k))$ [ $9$ , LEMMA 2.2].
(multiple modular composition) . . . . . . ... .. .... , .. . .. . .. .. . ... , . . ..-. . . . . . .. .. . . [9], [14]
$(n-1)$ $P(x),$ $r_{1}(x),$ $r_{\sim}\circ(x),$ $\ldots,$ $?^{\backslash }k(x)\in \mathrm{F}_{q}[x]/(F)$ , $P(?_{i}’(x))_{1}\mathrm{n}\mathrm{o}\mathrm{d}F$
$r_{i}(P(x))$ mod $F$ , $1\leq i\leq k$ , $n>k$ .
(mmc-i) (me-ii) : $O((n/k+\log k)M(kn))- \mathrm{t}\mathrm{i}\mathrm{l}\mathrm{n}\mathrm{e},$ $O(kn)- \mathrm{s}\mathrm{p}\mathrm{a}\mathrm{c}\mathrm{e}[9]$ .
(mmc-ii) [14, Lemma 3] ([3] multi ). $t=$ $\cap nk$ ,
M. $O$ ($(t+nk/t)M(n)+n/t$ MM$(t)$ )-time, $O(nk+\sqrt{n^{3}k})$ -space.
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13.5
binary-tree doubling . . . . –
.
$\mathrm{o}$ 2 $l\mathrm{i}_{l}’(Y, x)$ binary-tree multiplication
Chinese remaindering , 2 binary-tree multiplicat.ion
$\phi$
$\mathrm{o}$ $\lambda:(k+2)s\text{ }\frac{-}{\mathrm{Q}}=\ovalbox{\tt\small REJECT}$
$\mathrm{o}$
$g$ : $\{g^{2}\}arrow\{g^{4}, g^{3}\}arrow\{g^{8}, \ldots, g^{5}\}arrow\cdots$
multi-point evaluation. multi-point , Horner .. point ( $\in \mathrm{F}_{q}[x]/(F)$ , evaluation , doubling
.. Chinese remaindering , .
multiple modular composition. multi-point evaluation , .. (mmc-ii) , $M(n)$ Horner , ,
dominant , , $t$
.
$\lambda:(k+2)s$ . . . (1) (2). $k$ , eloubiling . $\mathrm{d}_{011}|_{)}1\mathrm{i}\mathrm{n}\mathrm{g}$
$O(\log_{2}n^{1/})0$ .. , $\mathit{2}^{i}\leq n^{1/2}$ , , Horner $o(nM(n))$ , ,
Brent&Kung $\dot\psi_{|\iota^{-}\mathrm{C}^{\backslash }O(n^{1/2}(M(n)}^{*}+MM(n^{1/2})))$ .
$I\iota_{l}’(Y, x)$ . . . (3). binary-tree multiplication $O(\log_{2}l)$ .. $k$ , $Y$ $\mathit{2}^{k-1}$ $l/\mathit{2}^{k}$ .
$O(M(2^{k-1}n))$ .




13.6 Parallel DDF algorithm
133 , DDF 2
. , .. parallel-forall , .. $\mathrm{d}\mathrm{o}-\ln$-parallel , .. & , .
2 .. , , $n^{1/2}$ ( , 2 ) .. (1) , $i$ $O(M(n)\log n)$-time GCD , $i+1$ $\lambda_{\lambda}$
( , ( ) $\log n$ ) .. (5&6) GCD , , $k+1$ coarse DDF
fine DDF . , $O(n^{1/2}M(n)\log?\tau)\leq O(M(n^{s/2})\log n)$
.. , $O((M(n^{3/2})+n^{1/2}MM(n^{1/2}))\log n+M(n)\log q)$ .
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(1) $\lambda_{\mathrm{O}}(x)\Leftarrow x$ ; Ai $(x)\Leftarrow x^{q}$ mod $F(x)$ ;; $fi\Leftarrow \mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{1}(x)-.x, F(x))$ ;; $F(.\cdot\iota)\Leftarrow F(a\cdot)/f_{\rceil}$ ;;
( $*$ compute $\lambda_{k}(x)$ in a doubling manner as $k=\mathit{2};3\sim 4;5\sim 8;9\sim 16;17\sim 3\mathit{2},$ $\ldots$ ,
and compute&remove $f_{k}$ from $F(x)*)$
for $i=0$ to $\lceil\log_{2}l\rceil-1$ do
parallel-forall $k=1,2,$ $\ldots,$ $\max(\mathit{2}^{i}, l-\mathit{2}^{i})$ do
$\lambda_{k+2^{i}}(x)\Leftarrow\lambda_{2}:(\lambda_{k}(x));$ ;
{ $f_{k+2}:\Leftarrow \mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{k+2}: (x)-x, F(x))$ $;$ ;
if $f_{k+2}$ : $\neq 1$ then $F(x)\Leftarrow F(x)/f_{k+2}$ . ; ( broadcast recomlnended $*$ ) $\}$ &
(1’) If $f_{i}\neq 1$ for some $i$ , adjust $F(x)$ and
parallel-forall $i=1,\mathit{2},$ $\ldots,$ $l$ do $\lambda_{i}(x)\Leftarrow\lambda:(x)$ mod $F(x)$ ;;
(2&3) $\mathrm{d}\mathrm{o}-\mathrm{i}\mathrm{n}$-parallel. for $i=0$ to $\lceil\log_{2}m\rceil-1$ do
parallel-forall $k=1,2,$ $\ldots,$ $\mathrm{m}_{\dot{c}}\iota.\mathrm{x}(\mathit{2}^{\iota}, m-\mathit{2}^{\mathrm{z}})$ do
$\lambda k+2:()l(x)\Leftarrow\lambda_{2}:_{l}(\lambda_{kl}(x))$ ;. Let $K_{i,0}(Y, x)=Y-\lambda_{i}(x),$ $0\leq\forall_{i}\leq l-1$ , and $=1,$ $l\leq\forall_{i}<\mathit{2}^{\lceil\log_{2}l\rceil}$ ;;
for $j=1$ to $\lceil\log_{2}l\rceil-1$ do
parallel-forall $i\in\{k|0\leq \mathrm{A}\cdot \mathit{2}^{j}<l\}$ do
$I\mathrm{t}_{2^{\mathrm{j}},j}’\dot{.}(Y, x)\Leftarrow I\mathrm{i}_{i2^{\mathrm{j}},j-1}^{\vee}(Y, x)I\mathrm{i}_{i2^{j}+2^{g-1},j-1}’$ $($ }’, $x)$ ;
(4) Letting $l\mathrm{i}_{l}’(Y, x)\Leftarrow K_{0,\lceil\log_{2}l\rceil-1}(Y, x)$ ,
parallel-forall $k=1,\mathit{2},$ $\ldots,$ $m$ do $\Delta_{k}\Leftarrow K_{l}(\lambda_{kl}(x), x)$ mod $F(x)$ ;;
(5&6) $k\Leftarrow \mathit{2};$ ;
while $\mathit{2}k\leq\deg F$ do
$\mathrm{g}\mathrm{c}\mathrm{d}(\triangle_{k}, F)\Rightarrow F_{k}$ ;; ( coarse DDF $*$ )
{ parallel-forall $i=0,1,$ $\ldots,$ $l-1$ do $\mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{kl}(x)-\lambda_{i}(x),$ $F_{k})\Rightarrow f_{kl-i}$ ;} &
$F\Leftarrow F/F_{k};$ ; $k\Leftarrow k+1$ ;
2 DDF
13.7
, $O(\sqrt{n})$ , $O(n^{3/2})$ space ,
$O(n^{2}\log^{a}n)$ modular
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– , , - , 5\sim 6
(C) ( 05680266) 7\sim 8
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